is an adaptor protein involved in several biological processes ranging from endocytosis to 22 platelet aggregation. During endocytosis, the Dab2 phosphotyrosine-binding (PTB) domain mediates protein 23 binding to phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P 2 ) at the inner leaflet of the plasma 24 membrane. As a result of platelet activation, Dab2 is released from α-granules and associates with both the 25 αIIbβ3 integrin receptor and sulfatide lipids on the platelet surface through its N-terminal region including 26 the PTB domain (N-PTB), thus, modulating platelet aggregation. Thrombin, a strong platelet agonist, prevents 27 Dab2 function by cleaving N-PTB within the two basic motifs required for sulfatide association, a reaction that 28 is prevented when Dab2 is bound to these sphingolipids. We have characterized the membrane binding 29 properties of Dab2 N-PTB using micelles enriched with Dab2 lipid ligands, sulfatides and PtdIns(4,5)P 2 . 30 Remarkably, NMR spectroscopy studies suggested differences in lipid-binding mechanisms. In addition, we 31 experimentally demonstrated that sulfatide-and PtdIns(4,5)P 2 -binding sites overlap in Dab2 N-PTB and that 32 both lipids stabilize the protein against temperature-induced unfolding. We found that whereas sulfatides 33 induced conformational changes and facilitated Dab2 N-PTB penetration into micelles, Dab2 N-PTB bound to 34 PtdIns(4,5)P 2 lacked these properties. These results further support our model that platelet membrane 35 sulfatides, but not PtdIns(4,5)P 2 , protect Dab2 N-PTB from thrombin cleavage.
Disabled (Dab) was originally identified as a protein that plays a 43 crucial role in Drosophila neural development [1] . Dab proteins contain (intracellular sulfatide concentration is~100 nmol/g; [21] ) and are 85 thought to influence the activity of integral membrane proteins [22] .
67°C for 1 h and freeze-thawed three times. Liposomes were 146 sonicated, pelleted, and suspended at 2.5 mg/ml in the same buffer. protein spectra before analysis. Spectra were deconvoluted to 162 estimate the secondary structure content with the online server 163 DICHROWEB [30] using the CDSSTR algorithm [31] . Ten accumulated protein was also titrated with soluble c6-PtdIns(4,5)P 2 under similar 180 experimental conditions. Spectra were processed with NMRPipe [32] 181 and analyzed using nmrDraw [33] . Hybond-C extra membranes (GE Healthcare performed on a BIAcore X instrument using L1 sensorchips coated
with~0. construct [20] . Accordingly, mutations in the corresponding sulfatide 255 and PtdIns(4,5)P 2 -binding residues abolished lipid binding (Fig. 2a) .
256
Thus, the shorter Dab2 N-PTB construct was functional and is named
257
Dab2 N-PTB from here on for simplicity. Our previous studies indicate that Dab2 N-PTB requires Lys53 to 311 bind to both sulfatides and PtdIns(4,5)P 2 [20] . Given the possibility reduced protein sulfatide-binding with an IC 50 of~10.1 μM (Fig. 4b) .
Taken together, this data suggests that sulfatide-and PtdIns(4,5)P 2 -322 binding sites overlap in Dab2 N-PTB. shown), consistent with dynamic quenching. Fig. 5d shows that ; Fig. 6 ).
376
Overall, the data suggest that sulfatides contribute to the penetration 377 of Dab2 to membranes by interaction with its N-PTB region. membrane mimic in PtdIns(4,5)P 2 recognition was also studied.
395
Addition of the phosphoinositide to the micelle-embedded Dab2 N-
396
PTB did not alter the fluorescent signal of the protein (Fig. 7a) .
397
Moreover, no major changes in both secondary and tertiary structures 398 of the protein were observed at the same lipid:protein molar ratio
399
( Fig. 7b and c and Table 1 ). Acrylamide quenching of the Dab2 N-PTB 400 was slightly reduced by the presence of PtdIns(4,5)P 2 (Fig. 7d) 
Dab2 N-PTB (Figs. 5c and 7c ) may lead to a less stable protein.
420
Interestingly, addition of sulfatides into the DDM-embedded Dab2 N-
421
PTB increased the T m of the protein to 45.2°C (Fig. 8a) its T m value (34.2°C; Fig. 8b and Table S1 ). Taken together, these data 431 suggest that sulfatide-binding increases the stability of Dab2 N-PTB.
432
Likewise, PtdIns(4,5)P 2 increased the Dab2 N-PTB's thermal stability 433 with an estimated T m value of 48.1°C (Fig. 8c and Table S1 ). This resulted in loss of resonance intensity (Fig. 3a) . contributes to platelet function, including platelet shape [50] and (a) Sulfatide-bound spotted membranes were incubated with either free-or PtdIns(4,5)P 2 -bound GST-Dab2 N-PTB. Quantification of the spots (right) was carried out using an AlphaImager. The figure shows data from a single experiment that was repeated three times with similar results. (b) Sulfatide-enriched liposomes were immobilized onto an SPR L1 sensor chip and Dab2 N-PTB (5 μM) was pre-incubated and loaded in the absence and presence of increasing concentrations of PtdIns(4,5)P 2 (left). Data was processed using BioDataFit (right) and they are representative of two independent experiments. (c) A view of the predicted tertiary structure of the human Dab2 PTB domain reproduced from the AL2TS site (http://proteinmodel.org/AS2TS/al2ts.html) using the mouse Dab2 PTB domain (PDB ID: 1M7E) as a template and depicted using Pymol. Experimentally determined sulfatide-(red), PtdIns(4,5)P 2 -(yellow) and both lipid-(orange) binding residues are labeled on the protein surface. The location of residue W94 is displayed in green. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
spreading [51] , and increases its levels by 10-40% at the membrane 517 upon platelet activation [50, [52] [53] [54] . Notably, PtdIns(4,5)P 2 mediates 518 α-granule secretion [55] and concentrates at the membrane upon 519 integrin receptor activation [54] . PtdIns(4,5)P 2 ( Fig. 3b-c) without a drastic conformational change in 529 the protein (Fig. 7) . We also found that sulfatides and PtdIns(4, Trp residue being exposed to a polar solvent [56] . Indeed, the solution [57] . Unlike PtdIns(4,5)P 2 , sulfatides promoted a conforma-555 tional change in Dab2 N-PTB that led to an increase in fluorescent 
intensity, which indicates that the microenvironment surrounding 
accessibility is not significant when Dab2 N-PTB is in contact with 563 PtdIns(4,5)P 2 -embedded micelles (Fig. 6) 
Conclusions

590
The significance of this investigation relies on the basis by which
591
Dab2 interacts with membrane bilayers in a lipid-mediated fashion.
592
Despite the overlap of sulfatide-and PtdIns(4,5)P 2 -binding sites in as a new approach for structural investigation of membrane proteins, Magn.
